StmAaaCHNOm ~EMOnnHAC~ rL~S BF_~N ASSOC~TED with electrocardiographic changes in in the experimental animal) ,z These may vary greatly in eharaoter and them have been changes consisterlt with increased activity of the sympathetic nervous system. Structural changes in the myoeardium have been described that could be produc ~d by a period of sympathetic nervous system overactivity ~ and increased tissue catecholamine levels have been measured following subaraehnoid haemorrhage and other forms of stimulation of the brain in the laboratory animals. 4 The importance of the cateeholamines is also suggested by the abolition of eneephalogenic cardhe arrhythmias in dogs following treatment with reserpine, s The portion of sympathetic nervous activity mediated by B-receptor stimulation has received some a~ention, not only because of the intrinsic interest in the mechanism of these arrhythmias, but because of the effect of rapid arrythmias on cardiac out-put and the possible reduction of cerebral blood flow. Accordingly it seemed of interest to study the effects of the prior administration of propranolol on such changes in cardiac rhythm and cerebral blood Bow as might occur following simulated subarachnoid haemorrhage in the monkey.
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METHOD
Rhesus monkeys were sedated with intraperitoneal sodium pentobarbital 50 mg/kg body weight and the trachea was intubated. Anaesthesia was maintained with a mixture containing thirty per cent of oxygen in nitrous oxide. The animals were paralyzed with d-tubocurarine, artificially ventilated with a Harvard variable phase ventilator and then surgical preparations were made for measurements of cerebral blood flow, intracranial pressure, and systemic arterial pressure. During this period fluid balance was maintained, blood gases were measured at regular intervals, and normal body temperature was maintained. Four to six hours later, at which time cerebral blood flow was stable and a multichannel Grass encephalograph indicated brain activity consistent with light nitrous oxide anaesthesia, arrangements were made to simuhte a subaraehnoid haemorrhage. This was done by inserting a needle through a hole in the midline of the skull at a point 0.5 cm cephalad to the nasion and manipulatSng its tip alone the floor of the anterior fossa to a point about 0.75 cm anterior to the tubereulum sellae so that it lay in the subarachnoid space dorsal to the planum sphenoidale. This is the region which would be contaminated by blood released from an aneurysm in the vicinity of the Circle of Willis. The position of the needle was conlqrmcd by fluoroscopy and by leakage of cerebrospinal fluid, The manoeuvre produced no electroencephalographic, arterial pressure, or electrocardiographic changes. Either saline or propranolol 0.03 mg/kg was administered intravenously at a rate of 0.01 mg/kg/min. Five minutes later a subarachnoid haemorrhage was simulated by injecting 4.0 ml of fresh autogenous blood through the needle over a period of twenty seconds. At autopsy the gross characteristics closely resembled the pathological state in patients succumbing from rupture of an aneurysm.
Cardiac rhythm and femoral arterial pressure were continuously monitored on Electronics for Medicine equipment. The technique employed for measuring cerebral blood flow was that described by Ingvar Lassen and Hoedt Rasmussen, 6,T.s 13SXenon (0.5-1.0 mCi) dissolved in 0.5 mt of sterile saline was injected during a two to three second period through a small catheter inserted into the lingual artery. Extra-cerebral contamination with laaXenon was minimized by ligation of the external carotid artery distal to the origin of the lingual artery. The clearance of laaXenon from the brain was measured simultaneously for a tenminute period by each of two collimated scintillation detectors placed symmetrically over the right and left parietal regions. The signal out-put from each one inch diameter, half inch think, integral line NaI(TI) crystal was amplified, analyzed and stored over multiplexed high speed time sequential inputs (multiply buffered device) into a 400 word magnetic core memory. Punched paper tape data out-put from the 400 word memory allowed immediate access to calculated flows through an on-site laboratory computer system. Calculation of c~F by compartmental, stochastic, and initial slope index methods was made. The compartmbntal analysis (c) assumes that the semilogarithmie replot of the clearance curve can be represented by two exponential components. From these two phases blood flow in the gray and white matter is calculated, The relative weights of the two components are determined from the intercepts of the two slopes at zero time. Utilizing the perfusion rates and relative weights of each tissue, the weighted mean cerebral blood flow for the tissue under observation ean be ealculated by the formula:
The stoehastie method (H/A) formulated mathematicaUy by Zeirler 9 can be applied to calculate the mean flow values from the linear washout eurve according to the formula:
where Ho corresponds to all the indicator particles to be cleared and H~o the number of particles remaining after ten minutes of clearance. Ato is determined by integrating the counts recorded during ten minutes and )t denotes the mean tissue: blood solubility for ~Z~Xenon.
The initial slope index (Is) method utilizes the gradient of the first 1.5 to 2 minutes of the logarithmic clearance curve./TM An estimate of mean cerebral blood flow can be rapidly assessed by the equation: F,s = xg x 2.30 • D ml I00 gm/min ag corresponds to the tsSXenon partition coefficient for gray matter and D represents the numerical value of the slope of the curve. The computer programme employed for calculation of the pre-haemorrhage flows incorporated a correction factor (c) for Yco2. s In view of the uncertainty regarding the effect of arteri.at Pcoz on cerebral circulation following acute apoplexy this factor was omitted from calculation of the post-haemorrhage flows. Every endearour was made to maintain the arterial Pco2 within the normal range during .this period, although some of the animals were in a state of slight metabolic acidosis during the course of the experiment.
RESVLTS
Some data regarding the state of the animals prior to the introduction of subaraehnoid blood and approximately forty-five minutes later appear in Table I . There was a significant difference in the temperature of the two groups at the forty-five minute period but in other respects the two groups are comparable.
The cardiac rhythm was analyzed for a two-minute period following the introduction of blood and in two animals in the propranolol group no alterations in rhythm occurred. Details of the arrhythmias that did develop appear in Table II . Sinus arrhythmia was frequent and in the propranolol group the nn intervals differed by periods of up to 0.8 seconds, x-wave changes were common and usually 
consisted of an increase in amplitude. The monkey in the propranolol group that developed sequential ventricular extrasystoles received propranoloI twenty-eight minutes before the simulated haemorrhage, because of technical difficulties. The other five animals were subiected to haemorrhage within five to ten minutes of the injection of the drug. The changes of pulse rate and systemic blood pressure that occurred in the two groups appear in Tables Ili to VL There was a transient decrease in pulse rate in the group that did not receive propranoloL The propranolol group also exhibited cardiac slowing, but this appeared to be of greater magnitude and longer duration. There was an increase in systemic blood pressure following the haemorrhage in both groups, but this was significantly greater after one minute had elapsed, and during the ensuing four minutes, in the propranolol group.
The prehaemorrhage cerebral blood flow measurements, with which the posthaemorrhage blood flows were compared, were made prior to the injection of propranolol. These, together with the posthaemorrhage flows, appear in Table VII. In the saline group there was no significant difference between the pre-and posthaemorrhage flows. In the propranolol group there was a significant reduction in the posthaemorrhage blood flow, calculated by the compartmental (p < 0.025, p < 0.025), and stochastic (p < 0.25, p < 0.005 ) methods.
The monkeys exhibited eleetroencephalographic changes beginning approximately 10 seconds foUowing the start of blood injection. The F.F.C became flat at i5-20 seconds and remained isoeleetric for 30-120 seconds. Giant amplitude slow waves then appeared and lasted up to 5 minutes. Electrical activity gradually reverted towards normal, although there was generally increased sporadic delta and theta activity as compared to the baseline trace. In the animals showing a progressive reduction in CBF, progressive loss of amplitude and decreased frequency was exhibited.
Satisfactory measurement of intraeranial pressure was not achieved during the course of these experiments but in previous experiments, using a similar technique, lumbar cerebrospinal fluid pressure reached a mean value of 120 mm Hg (sn 76) at the termination of the injection of blood. TM •  •  10  48  68  79  41  49  47  33  37  43  +2  ~2  ~4  11  47  55  55  38  34  34  30  22  14  •  •  •  12  61  78  85  51  65  76  48  51  51  ~9  ~14  •  13  59  69  69  38  34  39  43  32  31  •  ~4  •  14  59  70  82  26  27  33  22  28  40  ~2  ~6 • D[sctrssIoN A relationship between some of the cardiac arrhythmias associated with subaraehnoid haemorrhage and an effect of the sympathetic nervous system on the heart is well doeumentedP,ls. 14 Many of these arrhythmias are likely to be mediated by fl-receptor mechanisms and propranolol is .an effective drug in the prophy]axis and treatment of such arrhythmias, z~,~ Thus it seems likely that the failure to abolish arrhythmias of ventricular origin in the propranolol group of monkeys was, at least in part, due to insufficient quantity of the drug rather than inappropriate selection of the drug. Coltart et aL lr have measured the plasma propranolol as~ciated with suppression of automatically occurring ventrieuhr eetopic beats in adult humans. The drug was infused at a rate of 1.0 mg/minute (a quantity similar on a body weight basis to that used in the experiments reported here) -but for suppression of arrhythmias for a two-minute period dosages up to 29 mg were required in eight out of twelve eases. The dosage of propranolol employed in the present experiments was limited to0.03 mg/kg because preliminary observations showed that higher dosage was likely to produce a significant difference in systemic blood pressure between the two groups. Offethaus and Van Cool 4 noted the effectiveness of 1.0 mg/kg in abolishing existing arrhythmias for five minutes in rabbits, but also noted that pretreatment of the animals with the dosage apparently neeessary to block the arrhythmias produced a gradual fall in systemic arterial pressure. This could be of a magnitude sufl]cien~ to threaten the maintenance of normal cerebral blood flow. Although the half life of propranolol in the body is two hours 15 no attempt was made to measure such effect as the drug in the dosage used may have on cerebral blood flow, because the simulated haemorrhage would have been unduly delayed. Little in~erenee of a reduction in cerebral blood flow can be drawn from the reports of clinical use of the drug and Solti et alY have demonstrated in dogs that propranolol 0.2 mg/kg has no effect on cerebral blood flow. Thus the assumption is made that the reduction in cerebral blood flow following the simulated haemorrhage in the propranolol group is due to an altered response to the injection of blood rather than a pre-existing reduction in flow produced by propranolol. Introduction of blood into the subarachnoid region as employed in these experiments has rapid cardiovascular effects derived from tactile and pressure events within the cranium and responses to these occurring in the rest of the body, The limited number of physiological functions measured in these experiments precludes more than speculation regarding the reason for the reduction in flow of the animals that had received propranolol. The peripheral actions of the drug may be the most important in this context, if maintenance of cerebral blood flow under adverse circumstances of subarachnoid h aemorrhage is in its initial stage due in part to adequate sympathomimetic responses of the heart. Propranolol would impair this homeostatic mechanism. Alternatively, or perhaps in addition, propraaolol may have a role in modifying the local responses of the" cerebral vasculature and indirectly influencing cerebral blood flow. The complexities of fl-adrenergie mechanisms and vascular smooth muscle form part of a recent review by Somlyo etal, 19 In conclusion, it appears that propranolol used in the manner described fails to ensure protection against ventricular arrhythmias induced by subaraehnoid haemorrhage and may increase the danger of vagal stimulation. The changes in cerebral blood flow indicate the need for further elucidation of the effects of various forms of intracranial stimulation on cerebral blood flow in the presence of propranolol. During neurosurgical anaesthesia the effect of rapid arrhythmias on cardiac output ~~ may make their correction mandatory, but it seems possible that propranolol has a significant effect on intracranial haemodynamics during surgery and in the postoperative period.
